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ABSTRACT

It 1s concluded that chemical flares will not be use-

ful in relaxing the present sun-angle constraints for Apollo LM

daylight landings. The illumination provided by a high-yield

100-pound 20-second flare would be comparable to sunlight only
over a region within approximately 300 feet from the landing

site. It might be useful for night landings.
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MEMORANDUM FOR FILE

The questicn has been raised as to whether the use of

kP

lares to illuminate the lunar surface during daylight landing
ould significantly relax the present sun angle lighting constraints.
A brief analysis indicates that the flare would be of 1ittle or no

help. The analysis can be briefly summarized as follows:

o We assume (1) A spacecraft descent angle of approximately
177, with the sun shining from behind and making an angle with the

horizon between O and 60 degrees; (133,5,4,5); (2) A one hundred
pound flare that burns for twenty seconds delivering as visible
light 50% of the t%tal chemical energy available with chlorine
tri-fluoride (CTF)/. (This assumes burning at a power level of
about 15 megawatts, delivering a total energy of about 100 kilo-
watt-hours).

The twenty second duration has been chosen as a rough
compromise between high intensity illuminations for short times,
and a sufficient time for an astronaut to observe detalls, make
a decision and initilate a c¢ hange of course.

To calculate illumination, the optimum position for the
flare must be decided. Due to glare from the LM windows, the flare
cannot be ahead of or above the spacecraft. Clearly, it should
also be as close to the landing site as possible. Its best posi-
tion 1s beneath the IM at a distance to make the illumination angle,
measured from the horizontal, about 4° less than the viewing angle.
This gives the best compromise between maximum reflected light
(which peaks sharply when the backscattered ray 1s directly along
the illuminating ray), and a contrast "wash out" that occurs at
and near this peak reflection, (for illumination angles from about
4O pelow to 30° above the viewing angle 2,3,4,5,6). Since the
viewing angle under present flight plans increases from the initial
descent angle (17°), several miles from touch-down, up to about
60° at 300 feet (which is the last point at which the landing site

will be visib1e2’3), the optimum illumination would result by sus-
pending the flare on a cable about 100 feet directly beneath the

_ spacecraft. Detailed considerations might lead to breaking up
the single flare into several smaller ones, set off at intervals
along the descent, and perhaps on either side of the LM, Such
tactics appear to offer only marginal improvements, if any.
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With these assumptions, we find that reflected sunlight
from the lunar surface swamps out flare light, for sun angles
between 3° and 60°, unless the flare is within about 300 feet
of the area being examined. This is too small an area, and its
illumination will occur too late, to permit a significant choice
of site by the astronauts. It might assist the astronauts by
providing a last-minute enhanced view of the surface details before
landing.

For sun angles of a few degrees, parts of desirable
landing areas (which may be inclined up to 7°) will be in shadow.
The flare could relieve this shadowing somewhat; however solar
illumination on horizontal surfaces will still be brighter than
the flare "illumination" until the spacecraft is within a few
hundred feet from the touch-down point.

For landing in darkness, the flare could provide an
illumination of from about 30 times full moonlight at 10,000 feet,
to about 750 times full moonlight {approximately the illumination
level of twilight on Earth) at 2000 feet from touch-down. These
levels will only be about 1/10 as effective on the moon as on
earth due to the low albedo of the lunar surface. Dark adaptation
of the astronauts' eyes may then be a problem if the site 1s near

the dawn ferminator, since they will have come from the daylight
side.

It should be stressed here that a 50% light yield spread
over 20 seconds has been assumed, whereas only about 1% yield during
a few milliseconds has yet been achieved in vacuum. (Flares suffer

a severe drop of efficiency at low pressuresB’g). Considerable
development will thus be required before these conditions can be
met.

Conclusions

Use of a flare of reasonable weight will not relieve the
present landing constraints imposed by sun illumination angles. It
could assist only in enhanced detall viewlng of the surface just
before landing in daylight. If landing at sunrise or in darkness
1s required, the flare would be useful if dark adaptation can be
achleved in time. From the crew safety standpoint, the hazards of
carrying on board 100 pounds of explosive material and setting off
a 15 megawatt flare 100 feet from the spacecraft would have to be
carefully weighed against illumination advantages.
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